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Form PCT/1PEA/409 (Cover Sheet) (January 2004) 




INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT£A 03/30 1 86 



i. Basis of the report 

1. With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 



Description, Pages 

1 -4, 6-11,1 3-1 9, 30 as originally filed 

5, 12, 20-29 filed with telefax on 12.10.2004 

Claims, Numbers 

i -57 received on 1 6.03.2005 with letter of 1 6.02.2005 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 and/or 55.3). v 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. M 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have 

been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 

No: Claims 1-57 

Inventive step (IS) Yes: Claims 

No: Claims 1-57 

Industrial applicability (IA) Yes: Claims 1-57 

No: Claims 

2. Citations and explanations 
see separate sheet 
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EXAMINATION REPORT - SEPARATE SHEET 



Re Item V 

Reasoned statement with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

The embodiment described in dependent claim 19 and in the description on page 6 last 
paragraph to page 7 first paragraph does either not fall within the scope of claim 1 , or 
claim 1 is not new over D2. 

If the condition formulated in first paragraph of claim 1 (at least one R is substituted with a 
polar substituent) is valid for all heteroatomic ligands (falling under formula I or II of the 
present set of claims) there exists an inconsistency between the claims and the descrip- 
tion ( see above cited passage), which leads to doubt concerning the matter for which 
protection is sought, thereby rendering the claims unclear, Article 6 PCT. 



If not, the present application is not new over D2: 
D2: WO 02/04119 

Claim 27 discloses a process for the oligomerization of defines in the presence of a 

catalyst as defined in claim 1-25. 

Claim 1 0 discloses catalyst composition comprising 

a transition metal compound (chromium, molybdenum tungsten) 

in the presence of R 1 R 2 XYXR 3 R 4 

where R1-R4 can be selected from: 

methoxy, ethoxy, phenoxy,.... 

X is phosphor , arsenic or antimony 

and y is a bridging group. 

(compare with claim 19 of the present application) 

Therefore the subject matter of the independent claims 1 , and 33 is not new over D2. 
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RPM's using a gas entraining stirrer. The reaction was/erminated after 15 minutes by 
discontinuing the ethylene feed to the reactor and cooling the reactor to below 1 0°C. 
After releasing the excess ethylene from the autoclave, the liquid contained in the 
autoclave was quenched with ethanol followed by 10% hydrochloric acid in water. 
Nonane was added as an internal standard for the analysis of the liquid phase by GC- 
FID. A small sample of the organic layer was driJd over anhydrous sodium sulfate and 
then analysed by GC-FID. The remainder of therorganic layer was filtered to isolate the 
solid wax/polymeric products. These solid products were dried overnight in an oven at 
100°C and then weighed to yield 1.2060 g of polyethylene. The GC analyses indicated 
that the reaction mixture contained 81.51 g oligomers. The product distribution of this 
example is summarised in Table 1 . 



Example 16: Ethylene tetramerisation reaction using Cr (III) acetylacetonoate, 

I 

(phenyl) 2 PN(isopropyl)P(2-methoxyphenyl) 2 and MAO 



A solution of 32.2 mg of (phenyl>2PN(isopropyl)P(2-methoxyphenyl)2 (0.066 mmol) in 10 

I 

ml of toluene was added to a solution of Jl 1.5 mg chromium (III) acetylacetonoate (0.033 
mmol) in 10 ml toluene in a Schlenk vessel. The mixture was stirred for 5 min at ambient 
temperature and was then transferred to a 300 ml pressure reactor (autoclave) 
containing a mixture of toluene (80ml) and MAO (methylaluminoxane in toluene, 4.5 
^moI)-at-40^G.~The^ressure reactor^vas first charged with ethylene after which the 
reactor temperature was maintained at|45°C, while the ethylene pressure was kept at 45 
barg. Thorough mixing was ensured throughout by mixing speeds of 1100 RPM's using 
a gas entraining stirrer. The reaction was terminated after 15 minutes by discontinuing 
the ethylene feed to the reactor and cooling the reactor to below 10°C. After releasing 
the excess ethylene from the autoclave, the liquid contained in the autoclave was 
quenched with ethanol followed by 10% hydrochloric acid in water. Nonane was added 
as an internal standard for the analysis If the liquid phase by GC-FID. A small sample of 
the organic layer was dried over anhydrous sodium sulfate and then analysed by GC- 
FID. The remainder of the organic layer was filtered to isolate the solid wax/polymeric 
products. These solid products were dried overnight in an oven at 100°C and then 
weighed to yield 6.82 g of polyethylene. The GC analyses indicated that the reaction 
mixture contained 38.33 g oligomers.} The product distribution of this example is 
summarised in Table 1 . 
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Example 14: Ethylene tetramerisation reaction using Qr (III) acetylacetonoate, (4- 
methoxyphenyl) 2 PN(isopropyl)P(4-methoxyphenyl) 2 arid EAO/TMA 
A solution of 36.1 mg of (4^ethoxyphenyl)2PN(lsopro^yl)P(4-rnethoxyphenyl)2 (0.066 
mmol) in 10 ml of toluene was added to J solution of 5.2 mg chromium (III) 
acetylacetonoate (0.015 mmol) in 10 ml toluene in / Schlenk vessel. The mixture was 
stirred for 5 min at ambient temperature and was Men transferred to a 300 ml pressure 
reactor (autoclave) containing a mixture ofytoluecfe (80ml). EAO (ethylaluminoxane in 
toluene, 33 mmol) and TMA (trimethylaluminium, 8.25mmol) at 40°C. The pressure 
reactor was charged with ethylene after which the reactor temperature was maintained 
at 45°C, while the ethylene pressure was/kept at 45 barg. Thorough mixing was ensured 
throughout by mixing speeds of 1100 F^>M's Using a gas entraining stirrer. The reaction 
was terminated after 60 minutes by discontinuing the ethylene feed to the reactor and 
cooling the reactor to below 10X./Aftei7 releasing the excess ethylene from the 
autoclave, the liquid contained in the/autocfeve was quenched with ethanol followed by 
10% hydrochloric acid in water. Nonane/was added as an internal standard for the 
analysis of the liquid phase by GC4=ID. A small sample of the organic layer was dried 
over anhydrous sodium sulfate and theft analysed by GC-FID. The remainder of the 
organic layer was filtered to isolate the solid wax/polymeric products. These solid 
products were dried overnight in an oven at 100°C and then weighed to yield 0.189 g of 
polyethylene. The GC analyses indicated that the reaction mixture contained 40.97g 
-oligomers— The product distribution of mis example is summarised in Table 1. 



Example 15: Ethylene tetramerisation reaction using Cr (III) acetylacetonoate, (4- 
methoxyphenyl) 2 PN(isopropyl)P(4/methoxyphenyl) 2 and MAO in the presence of 
H 2 

A solution of 16.4 mg of (4-methbxyphenyl) 2 PN(isopropyl)P(4-methoxyphenyl)2 (0.03 
mmol) in 10 ml of toluene was! added to a solution of 5.2 mg chromium (III) 
acetylacetonoate (0.015 mmol) in jo ml toluene in a Schlenk vessel. The mixture was 
stirred for 5 min at ambient tempertrture and was then transferred to a 300 ml pressure 
reactor (autoclave) containing a mbjture of toluene (80ml) and MAO (methylaluminoxane 
in toluene, 4.5 mmol) at 40°C. The pressure reactor was first charged with hydrogen to a 
pressure of approximately 2.5 barb and subsequently with ethylene to 45 barg after 
which the reactor temperature was (maintained at 45°C, while the ethylene pressure was 
kept at 45 barg. Thorough mixing j was ensured throughout by mixing speeds of 11 
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discontinuing the ethylene feed to the reactor and coolino/the reactor to below 10°C. 
After releasing the excess ethylene from the autociav/ the liquid contained in the 
autoclave was quenched with ethanol followed by 10% hydrochloric acid in water. 
Nonane was added as an internal standard for the analysis of the liquid phase by GC- 
FID. A small sample of the organic layer was dried/over anhydrous sodium sulfate and 
then analysed by GC-FID. The remainder of the opganic layer was filtered to isolate the 
solid wax/polymeric products. These solid products were dried overnight in an oven at 
100°C and then weighed to yield 0.5010 g of polyethylene. The GC analyses Indicated 
that the reaction mixture contained 70.87 g oligomers. The product distribution of this 
example is summarised in Table 1. 



Example 13: Ethylene tetramerisation reaction using Cr (III) acetylacetonoate, (4- 
methoxyphenyl) 2 PN(isopropyl)P(4-methoxyphenyl) 2 and MMAO-3A 

A solution of 16.4 mg of (4-methoxyphinyl) 2 PN(isopropyl)P(4-methoxyphenyl) 2 (0.03 
mmol) in 10 ml of toluene was added to a solution of 5.2 mg chromium (III) 
acetylacetonoate (0.015 mmol) in 10 ml toluene in a Schlenk vessel. The mixture was 
stirred for 5 min at ambient temperature and was then transferred to a 300 ml pressure 
reactor (autoclave) containing a mixture of toluene (80ml) and MMAO-3A (modified 
methylaluminoxane in heptanes, 4.5 famol) at 40°C. The pressure reactor was charged 
with ethylene after which the reactdr temperature was maintained at 45°C, while the 
_emylene-pressure-was^ept-at-45^Barg-Thorough-mixing- wasensured throughout by 
mixing speeds of 1100 RPM's using a gas entraining stirrer. The reaction was 
terminated after 22 minutes by discontinuing the ethylene feed to the reactor and cooling 
the reactor to below 10°C. After releasing the excess ethylene from the autoclave, the 
liquid contained in the autoclave! was quenched with ethanol followed by 10% 
hydrochloric add in water. Nonane ias added as an internal standard for the analysis of 
the liquid phase by GC-FID. A s nail sample of the organic layer was dried over 
anhydrous sodium sulfate and then analysed by GC-FID. The remainder of the organic 
layer was filtered to isolate the solid vax/polymeric products. These solid products were 
dried overnight in an oven at 100°C and then weighed to yield 1.76 g of polyethylene. 
The GC analyses indicated that the reaction mixture contained 50.42g oligomers. The 
product distribution of this example^ summarised in Table 1 . 
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Example 11: Ethylene tetramerisation reaction using Cr (III) acetylacetonoate, (4- 
methoxyphenyl) 2 PN(isopropyl)P(4-methoxyphenyI) 2 and MAO 

A solution of 6.6 mg of (4-methoxyphenyl)2PN(i (0.012 
mmol) in 10, ml of toluene was. added to- a solution of 3.5 mg chromium (III) 
acetylacetonoate (0.015 mmol) in 10 ml toluene in a Schlenk vessel. The mixture was 
stirred for 5 min at ambient temperature and was then transferred to a 300 ml pressure 
reactor (autoclave) containing a mixture pi toluene (80ml) and MAO 
(methylaluminoxane, 3.0 mmol) at 40°C. The pressure reactor was charged with 
ethylene after which the reactor temperature wa^maintained at 45°C, while the ethylene 
pressure was kept at 45 barg. Thorough mbgng was ensured throughout by mixing 
speeds of 1 100 RPM's using a gas entrainingystirrer. The reaction was terminated after 
30 minutes by discontinuing the ethylene feeq to the reactor and cooling the reactor to 
below 10°C. After releasing the excess ethylene from the autoclave, the liquid contained 
in the autoclave was quenched with ethancM followed by 10% hydrochloric acid in water. 
Nonane was added as an internal standard for the analysis of the liquid phase by GC- 
FID. A small sample of the organic layer was dried over anhydrous sodium sulfate and 
then analysed by GC-FID. The remainder of the organic layer was filtered to isolate the 
solid wax/polymeric products. These solid products were dried overnight in an oven at 
100°C and then weighed to yield 1.3958 g of polyethylene. The GC analyses indicated 
that the reaction mixture contained 54.52 g oligomers. The product distribution of this 
example is summarised in-Table 1— 



Example 12: Ethylene tetramerisation reaction using Cr (III) acetylacetonoate, (4- 
methoxyphenyl) 2 PN(isopropyl)P(44nethoxyphenyf) 2 and MAO 



A solution of 9.8 mg of (4-metho; 
mmol) in 10 ml of toluene was 



)henyl) 2 PN(isopropyl)P(4-methoxyphenyl) 2 (0.01 8 
added to a solution of 5.2 mg chromium (III) 
acetylacetonoate (0.015 mmol) in 1 ) ml toluene in a Schlenk vessel. The mixture was 
stirred for 5 min at ambient temperaiure and was then transferred to a 300 ml pressure 
reactor (autoclave) containing a mixt jre of toluene (80ml) and MAO (methylaluminoxane 
in toluene, 2.25 mmol) at 40°C. The pressure reactor was charged with ethylene after 
which the reactor temperature was n aintained at 45°C, while the ethylene pressure was 
kept at 45 barg. Thorough mixing yas ensured throughout by mixing speeds of 1100 
RPM's using a gas entraining stirrer. The reaction was terminated after 15 minutes by 

m a 
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30 minutes by discontinuing the ethylene feed to the/eactor and cooling the reactor to 
below 10°C. After releasing the excess ethylene from the autoclave, the liquid contained 
in the autoclave was quenched with ethanol followed by 10% hydrochloric acid in water. 
Nonane was added as an internal standard forme analysis of the liquid phase by GC- 
FID. A small sample of the organic layer was cfried over anhydrous sodium sulfate and 
then analysed by GC-FID. The remainder of me organic layer was filtered to isolate the 
solid wax/polymeric products. These solid products were dried overnight in an oven at 
100°C and then weighed to yield 1.52 g of polyethylene. The GC analyses indicated that 
the reaction mixture contained 61.27 oligomers. The product distribution of this 
example is summarised in Table 1 . 



Example 10: Ethylene tetramerisation reaction using Cr (III) octanoanoate , (4- 
methoxyphenyl) 2 PN(isopropyl)P(4-methoxyphenyl) 2 and MAO 

A solution of 9.8 mg of (4-methoxyphenyl)2PN(isopropyl)P(4-methoxyphenyl)2 (0.018 
mmol) in 10 ml of toluene was added to a solution of 10.3 mg Cr (III) octanoate (70% in 
toluene, 0.015 mmol) in 10 ml toluene in a Schlenk vessel. The mixture was stirred for 5 
min at ambient temperature and was then transferred to a 300 ml pressure reactor 
(autoclave) containing a mixture d>f toluene (80ml) and MAO (methylaluminoxane, 4.5 
mmol) at 40°C. The pressure reactor was charged with ethylene after which the reactor 
temperature was maintained at 4o°C, while the ethylene pressure was kept at 45 barg. 
-Thorough-mixing-was-ensured throughout byTnbdhg^peeds 6f ~1100 RPM's using a gas 
entraining stirrer. The reaction was terminated after 40 minutes by discontinuing the 
ethylene feed to the reactor and cooling the reactor to below 10°C. After releasing the 
excess ethylene from the autoclave, the liquid contained in the autoclave was quenched 



with ethanol followed by 10% 
internal standard for the analys 



hydrochloric acid in water. Nonane was added as an 
s of the liquid phase by GC-FID. A small sample of the 



organic layer was dried over anhydrous sodium sulfate and then analysed by GC-FID. 



The remainder of the organic 



/ 



layer was filtered to isolate the solid wax/polymeric 



products. These solid productfe were dried overnight in an oven at 100°C and then 
weighed to yield 0.3773 g of pd yethylene. The GC analyses indicated that the reaction 
mixture contained 18.91 g oligomers. The product distribution of this example is 
summarised in Table 1. 
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Example 8: Ethylene tetramerisation reaction using CrCI 3 .THF 3 , (4- 
methoxyphenyl) 2 PN(isopropyl)P(4-methoxyphenyl) 2 and MAO 

A solution of 9.8 mg of (^methoxyphenylJzPNjisopropylJPt^methoxyphenyl^ (0.018 
mmol) in 10 ml of toluene was added to a solution of 5.6 mg CrCI 3 .THF 3 (0.015 mmol) in 
10 ml toluene in a Schlenk ves sel. The mbrture was stirred for_5_min at ambient 
temperature and was then transferred to/a 300 ml pressure reactor (autoclave) 
containing a mixture of toluene (80ml) and MAO (methylaluminoxane, 4.5 mmol) at 
40°C. The pressure reactor was charged with ethylene after which the reactor 
temperature was maintained at 45°C, while the ethylene pressure was kept at 45 barg. 
Thorough mixing was ensured throughout by mixing speeds of 1100 RPM's using a gas 
entraining stirrer. The reaction was terminated after 30 minutes by discontinuing the 
ethylene feed to the reactor and coo/ng the reactor to below 10°C. After releasing the 
excess ethylene from the autoclave.ithe liquid contained in the autoclave was quenched 
with ethanol followed by 10% hydrochloric acid in water. Nonane was added as an 
internal standard for the analysis of the liquid phase by GC-FID. A small sample of the 
organic layer was dried over anhydrous sodium sulfate and then analysed by GC-FID. 
The remainder of the organic layer was filtered to isolate the solid wax/polymeric 
products. These solid products were dried overnight in an oven at 100°C and then 
weighed to yield 1.0831 g of polyethylene. The GC analyses indicated that the reaction 
- mixture-contained-42r72-g-oJigomers. The product distribution of this example is 
summarised in Table 1. 



Example 9: Ethylene tetramerisation reaction using Cr (III) 2-ethylhexanoate , (4- 
methoxyphenyl) 2 PN(isopropyl)P(4-methoxyphenyl) 2 and MAO 

A solution of 9.8 mg of (4|methoxyphenyl) 2 PN(isopropyl)P(4-methoxyphenyl) 2 (0.018 
mmol) in 10 ml of toluene was added to a solution of 10.2 mg Cr (III) 2-ethylhexanoate 
(70% in mineral oil, 0.015 mmol) in 10 ml toluene in a Schlenk vessel. The mixture was 
stirred for 5 min at ambient temperature and was then transferred to a 300 ml pressure 
reactor (autoclave) containing a mixture of toluene (80ml) and MAO 
(methylaluminoxane, 4.5 mmol) at 40°C. The pressure reactor was charged with 
ethylene after which the reactor temperature was maintained at 45°C, while the ethylene 
pressure was kept at 45 barg. Thorough mixing was ensured throughout by mixing 
speeds of 1100 RPM's using a gas entraining stirrer. The reaction was terminated after 
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ethylene pressure was kept at 45 barg. Thorough mixing was ensured throughout by 
mixing speeds of 1100 RPM's using a gas entraining' stirrer: The reaction was 
terminated after 1 1 minutes by discontinuing the ethyleneifeed to the reactor and cooling 
the reactor to below 10°C. After releasing the excess ^thylene from the autoclave, the 
liquid contained in the autoclave was quenchedAvith ethanol followed by 10% 
hydrochloric acid in water. Nonane was added as ar/ntemal standard Jorthe analysis of 
the liquid phase by GC-FID. A small sample of the organic layer was dried over 
anhydrous sodium sulfate and then analysed by/GC-FID. The remainder of the organic 
layer was filtered to isolate the solid wax/polymeric products. These solid products were 
dried overnight in an oven at 100°C and then weighed to yield 1.9168 g of polyethylene. 
The GC analyses indicated that the reaction mixture contained 62.72g oligomers. The 
product distribution of this example is summarised in Table 1 . 

Example 7: Ethylene tetramerisation reaction using Cr (III) acetylacetonoate, (4- 
methoxyphenyl) 2 PN(isopropyl)P(4-methoxyphenyl) 2 and MAO 

A solution of 9.8 mg of (4-methoxyphenyl) 2 PN(isopropyl)P(4-methoxyphenyl) 2 (0.018 
mmol) in 10 ml of toluene was added to a solution of 5.2 mg chromium (III) 
acetylacetonoate (0.015 mmol) in 10/ml toluene in a Schlenk vessel. The mixture was 
stirred for 5 min at ambient temperature and was then transferred to a 300 ml pressure 
reactor (autoclave) containing fa mixture of toluene (80ml) and MAO 

_(memylaluminoxane,-4,5-mrrH3f)-at-40 o e^-The-pressure reactor was charged with 
ethylene after which the reactor temperature was maintained at 45°C, while the ethylene 
pressure was kept at 45 barg. Thorough mixing was ensured throughout by mixing 
speeds of 1100 RPM's using a das entraining stirrer. The reaction was terminated after 
21 minutes by discontinuing mef ethylene feed to the reactor and cooling the reactor to 
below 10°C. After releasing thefexcess ethylene from the autoclave, the liquid contained 
in the autoclave was quenchedfwith ethanol followed by 10% hydrochloric acid in water. 
Nonane was added as an internal standard for the analysis of the liquid phase by GC- 
FID. A small sample of the organic layer was dried over anhydrous sodium sulfate and 
then analysed by GC-FID. The remainder of the organic layer was filtered to isolate the 
solid wax/polymeric products. J These solid products were dried overnight in an oven at 
100°C and then weighed to yield 0.8280 g of polyethylene. The GC analyses indicated 

that the reaction mixture contained 69.17 g oligomers. The product distribution of this 

example is summarised in Table 1. 
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that the reaction mixture contained 61.33g oligomersfThe product distribution of this 
example is summarised in Table 1. 



Example 5: Ethylene tetramerisation reaction/using Cr (III) acetylacetonoate, (4- 
methoxyphenyI) 2 PN(isopropyI)P(4-methoxyphenyl) 2 and MAO 

A solution of 36.1 mg of (4-methoxyphenyl)2^N(isopropyl)P(4-methoxyphenyl)2 (0.066 
mmol) in 10 ml of toluene was added to a solution of 11.5 mg chromium (III) 
acetylacetonoate (0.033 mmol) in 10 ml toluene in a Schlenk vessel. The mixture was 
stirred for 5 min at ambient temperature and was then transferred to a 300 ml pressure 
reactor . (autoclave) containing a mixture of toluene (80ml) and MAO 
(methylaluminoxane, 9.9 mmol) at 40^5. The pressure reactor was charged with 
ethylene after which the reactor temperature was maintained at 45°C, while the ethylene 
pressure was kept at 45 barg. Thorough mixing was ensured throughout by mixing 
speeds of 1 100 RPM's using a gas entraining stirrer. The reaction was terminated after 
12 minutes by discontinuing the ethyfene feed to the reactor and cooling the reactor to 
below 10°C. After releasing the excefss ethylene from the autoclave, the liquid contained 
in the autoclave was quenched witt/ethanol followed by 10% hydrochloric acid in water. 
Nonane was added as an internal standard for the analysis of the liquid phase by GC- 
FID. A small sample of the organic layer was dried over anhydrous sodium sulfate and 
then analysed by GC-FID. The remainder of the organic layer was filtered to isolate the 
^lidlA^^lyn^c '^ solid products were dried overnight in an oven at 



100°C and then weighed to yield 2.3010 g of polyethylene. The GC analyses indicated 
that the reaction mixture contained 73.53g oligomers. The product distribution of this 
example is summarised in Table 1. 

Example 6: Ethylene tetrame isation reaction using Cr (III) acetylacetonoate, (4- 
methoxyphenyl) 2 PN(isopropynP(4-methoxyphenyl) 2 and MAO 

A solution of 16.4 mg of (4-niethoxyphenyl)2PN(isopropyl)P(4-methoxyphenyl)2 (0.03 
mmol) in 10 ml of cyclohexarie was added to a solution of 5.2 mg chromium (III) 
acetylacetonoate (0.015 mmol) in 10 ml cyclohexane in a Schlenk vessel. The mixture 
was stirred for 5 min at ambie it temperature and was then transferred to a 300 ml 
pressure reactor (autoclave) containing a mixture of cyclohexane (80ml) and MAO 
(methylaluminoxane in toluene, f4.5 mmol) at 40°C. The pressure reactor was charged 
with ethylene after which the reactor temperature was maintained at 45°C, while the 
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(methylaluminoxane, 9.9 mmol) at 60°C. The pressure/reactor was charged with 
ethylene after which the reactor temperature was maintained at 65°C, while the ethylene 
pressure was kept at 30 barg. Thorough mixing was^ensured throughout by mixing 
speeds of 1100 RPM's using a gas entraining stirrer/rie reaction was terminated after 
30 minutes by discontinuing the ethylene feed to the reactor and cooling the reactor to 
below 10°C. After releasing the excess ethylene from the autoclave, JheJiquid contained 
in the autoclave was quenched with ethanol followed by 10% hydrochloric acid in water. 
Nonane was added as an internal standard for the analysis of the liquid phase by GC- 
FID. A small sample of the organic layer was dried over anhydrous sodium sulfate and 
then analysed by GC-FID. The remainder oj the organic layer was filtered to isolate the 
solid wax/polymeric products. These solid/products were dried overnight in an oven at 
100°C and then weighed to yield 1 .2269^ of polyethylene. The GC analyses indicated 
that the reaction mixture contained 9.^1g oligomers. The product distribution of this 
example is summarised in Table 1. 



Example 4: Ethylene tetramerisation reaction using Cr (III) acetylacetonoate, (4- 
methoxyphenyl) 2 PN(isopropyl)P(4nhiethoxyphenyi) 2 and MAO 

A solution of 36.1 mg of (4-metho^phenyl) 2 PN(isopropyl)P(4-methoxyphenyl)2 (0.066 
mmol) in 10 ml of toluene was/ added to a solution of 11.5 mg chromium (III) 
acetylacetonoate (0.033 mmol) in/lO ml toluene in a Schlenk vessel. The mixture was 
stirred for 5 min at ambient temperature and was then transferred to a 300 ml pressure 
reactor (autoclave) containing a mixture of toluene (80ml) and MAO 
(methylaluminoxane, 9.9 mmolrfat 60°C. The pressure reactor was charged with 
ethylene after which the reactor temperature was maintained at 65°C, while the ethylene 
pressure was kept at 30 barg./ Thorough mixing was ensured throughout by mixing 
speeds of 1 100 RPM's using a has entraining stirrer. The reaction was terminated after 
30 minutes by discontinuing thej ethylene feed to the reactor and cooling the reactor to 
below 10°C. After releasing the excess ethylene from the autoclave, the liquid contained 
in the autoclave was quenched with ethanol followed by 10% hydrochloric acid in water. 
Nonane was added as an inter lal standard for the analysis of the liquid phase by GC- 
FID. A small sample of the organic layer was dried over anhydrous sodium sulfate and 
then analysed by GC-FID. The emainder of the organic layer was filtered to isolate the 
solid wax/polymeric products. These solid products were dried overnight in an oven at 
100°C and then weighed to yiel< 0.7105 g of polyethylene. The GC analyses indicated 
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which the ice bath was removed. After stirring for a total of 14 hre the solution was 
filtered to remove the triethylammonium salt formed. >fhe product was isolated after 
crystallisation in a 77 % yield. 31 P {H} NMR: 47.4 ppm (broad singlet) 

Example 2: Ethylene tetramerisation reactlc/n using Cr (III) acetylacetonoate, (4- 
methoxyphenyl) 2 PN(methyl)P(4-methoxyph/nyl) 2 and MAO 

A solution of 30.0 mg of (4-methoxyphenyl) 2 PN(methyl)P(4-methoxyphenyl) 2 (0.066 
mmol) in 10 ml of toluene was added /to a solution of 11.5 mg chromium (III) 
acetylacetonoate (0.033 mmol) in 10 ml tiuene in a Schlenk vessel. The mixture was 
stirred for 5 min at ambient temperature Ind was then transferred to a 300 ml pressure 
reactor (autoclave) containing a /mixture of toluene (80ml) and MAO 
(methylaluminoxane, 9.9 mmol) at 6&>C. The pressure reactor was charged with 
ethylene after which the reactor temperature was maintained at 65°C, while the ethylene 
pressure was kept at 30 barg. Thofibugh mixing was ensured throughout by mixing 
speeds of 1 100 RPM's using a gas Entraining stirrer. The reaction was terminated after 
30 minutes by discontinuing the ethylene feed to the reactor and cooling the reactor to 
below 10°C. After releasing the exciss ethylene from the autoclave, the liquid contained 
in the autoclave was quenched wid ethanol followed by 10% hydrochloric acid in water. 
Nonane was added as an internal/standard for the analysis of the liquid phase by GC- 
FID. A small sample of the organic layer was dried over anhydrous sodium sulfate and 
-men-analysed-by-GG-PID.-The re/nainder of the organic layer was-filtered to isolate the 
solid wax/polymeric products. Tliese solid products were dried overnight in an oven at 
100°C and then weighed to yield] 0.2254 g of polyethylene. The GC analyses indicated 
that the reaction mixture contained 38.50g oligomers. The product distribution of this 
example is summarised in Table I . 



Example 3: Ethylene tetramerisation reaction using Cr (111) acetylacetonoate, (3- 
methoxyphenyl) 2 PN(methyl)P(: -methoxyphenyl) 2 and MAO 

A solution of 30.0 mg of (3-riiethoxyphenyl) 2 PN(methyl)P(3-methoxyphenyl) 2 (0.066 
mmol) in 10 ml of toluene wis added to a solution of 11.5 mg chromium (III) 
acetylacetonoate (0.033 mmol) iil 10 ml toluene in a Schlenk vessel. The mixture was 
stirred for 5 min at ambient temperature and was then transferred to a 300 ml pressure 
reactor (autoclave) containing} a mixture of toluene (80ml) and 
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the presence or absence of an inert solvent, and/orr by slurry reaction where the catalyst 
system is in a form that displays little or no solubility, and/or a two-phase liquid/liquid 
reaction, and/or a bulk phase reaction in which n^at reagent and/or product olefins serve 
as the dominant medium, and/or gas phase reaction, using conventional equipment and 
contacting techniques. 

The process may therefore also be carried/out in an inert solvent Any inert solvent that 
does not react with the activator can be/used. These inert solvents may include any 
saturated aliphatic and unsaturated aliphatic and aromatic hydrocarbon and halogenated 
- hydrocarbon. Typical solvents include, I^Jt are not limited to, benzene, toluene, xylene, 
cumene, heptane, methylcyclohexane,/methylcyclopentane, cyclohexane, 1-hexene, 1- 
octene, ionic liquids and the like. / 

The process may be carried out at pressures from atmospheric to 500 barg. Ethylene 
pressures in the range of 10-70 barg are preferred. Particularly preferred pressures 
range from 30-50 barg. 

The process may be carried out atftemperatures from - 20 °C - 250 °C. Temperatures in 
the range of 15-130 °C are prefenpd. Particularly preferred temperatures range from 35- 
100°C. 



of th 
2cted su 



In a preferred embodiment of th© invention, the heteroatomic coordination complex and 
reaction conditions are selected such that the yield of 1-octene from ethylene is greater 
than 30 mass %, preferably greater than 35 mass %. In this regard yield refers to grams 
of 1 -octene formed per 1 0Og of total reaction product formed. 



In addition to 1-octene, the process may also yield different quantities of 1-butene, 1- 
hexene, methylcyclopentane, methylene cyclopentane, propylcyclopentane, propylene 
cyclopentane and specific higher oligomers, depending on the nature of the 
heteroatomic ligand and the reaction conditions. A number of these products cannot be 
formed via conventional ethylene oligomerisation and trimerisation technologies in the 
yields observed in the present invention. 
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preferable, depending on the further use of the pnoduct stream, to have such high 
selectivities of the a-olefin. 

The olefinic feedstream may include ethylene ajj& the (C 6 + C 8 ) : (C 4 + C 10 ) ratio in the 
product stream may be more than 2.5:1. 

The olefinic feedstream may include ethylene and the Cs : C 6 ratio in the product stream 
is more than 1. 



The ethylene may be contacted with 
barg and preferably greater than 10 bi 



th£ catalyst system at a pressure of greater than 1 
It more preferably greater than 30 barg. 



The heteroatomic ligand may be described by the following general formula 
(R)nA-B-C(R) m where A and C are independently selected from a group which comprises 
phosphorus, arsenic, antimony, oxygen, bismuth, sulphur, selenium, and nitrogen, and B 
is a linking group between A andfC, and R is independently selected from any homo or 
heterohydrocarbyl group of which at least one R group is substituted with a polar 
substituent and n and m is determined by the respective valence and oxidation state of A 
and C. 

^ and/oMD may be a^Dotentialelectron donor for coordination with the transition metal. 



An electron donor or electron donating substituent is defined as that entity that donates 
electrons used in chemical, including dative covalent, bond formation. 



The heteroatomic ligand may be described by the following general formula (R 1 )(R 2 )A-B- 



C(R 3 )(R 4 ) where A and C 
phosphorus, arsenic, antim 



are independently selected from a group which comprises 
Dny, bismuth and nitrogen and B is a linking group between A 
and C, and R\ R 2 , R 3 a|id R 4 are independently selected from non-aromatic and 
aromatic, including heteroabmatic, groups of which at least one of R 1 , R 2 , R 3 and R 4 is 
substituted with a polar substituent 



In some embodiments of the process aspect of the invention, up to four of R 1 , R 2 , R 3 and 
R 4 may have substituents on the atom adjacent to the atom bound to A or C. 
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Claims 



1 . A process for tetramerisation of olefins wherein the product stream of the 
process contains more than 30% of the tetramer olefin. 

2. A process as claimed in Claim 1 which process includes the step of contacting an 
olefinic feedstream with a catalyst system containing a transition metal compound and a 
heteroatomic ligand. 

3. A process as claimed in Claim 1 o/ Claim 2, wherein the heteroatomic ligand is 
described by the following general formul4 (R)nA-B-C(R) m where A and C are 
independently selected from a group wh/ch comprises phosphorus, arsenic, antimony, 
oxygen, bismuth, sulphur, selenium, and nitrogen, and B is a linking group between A 



and C, and the R's are the same or different and each R is independently selected from 
any homo or hetero hydrocarbyl group aid n and m for each R is independently 
determined by the respective valence and oxidation state of A and C and of which at 
least one of the R's is substituted with a polar substituent 

4. A process as claimed in Clai^ 3, wherein the ligand comprises of multiples of 
(R)nA-B-C(RW 

5. A process as claimed in ah^ one of claims 1 to 3, which process includes the 
step of contacting an olefinic feelstream with a catalyst system which includes a 
transition metal and a heteroatomic ligand and wherein the tetramer is an olefin and 
makes up more than 30% of the product stream of the process and wherein the 
heteroatomic ligand is described by the following general formula (R 1 )(R 2 )A-B-C(R 3 XR 4 ) 
where A and C are independently selected from a group which comprises phosphorus, 
arsenic, antimony, bismuth, and nitrogen and B is a linking group between A and C, and 
R\ R 2 , R 3 and R 4 are independently selected from non-aromatic and aromatic, including 
heteroaromatic, groups of which at least one of R 1 , R 2 , R 3 and R 4 is substituted with a 
polar substituent 
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6. A process as claimed in Claim 5, wherein up to four 
substituents on the atom adjacent to the atom bound to A orp. 



Jr\ R 2 , 



R 3 and R 4 have 



7 
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7. A process as claimed in Claim 5 or Claim 6, when§in each of R 1 , R 2 , R 3 and R 4 is 
aromatic, including heteroaromatic, but not all of R 1 , Ry R 3 and R 4 are substituted by any 
substituent on an atom adjacent to the atom bound to A or C. 



8. A process as claimed in Claim 7, wherein i^ot more than two of R 1 , R 2 , R 3 and R 4 

9. A process as claimed in Claim 7 or Claim 8, wherein any polar substituents on 
R\ R 2 , R 3 and R 4 are not on the atom adjacent/to the atom bound to A or C. 



10. A process as claimed in any one of/claims 5 and 7 to 9, wherein at least one of 
R\ R 2 , R 3 and R 4 is substituted with a polar substituent on the 2 nd or further atom from 
the atom bound to A or C. 

11. A process as claimed in any onefof claims 3 to 5 and 7 to 10, wherein any polar 
substituents on one or more of R 1 , R 2 , R 3 and R 4 are electron donating. 

12. A process as claimed in any /one of claims 1 to 5 and 7 to 11, wherein the 
feedstrearn includes an a-olefin and? the product stream includes at least 30% of a 
tetramerised a-olefin monomer. 



13. A process as claimed in any one of claims 1 to 5 and 7 to 12, wherein the ofefinic 
feedstrearn includes ethylene and the product stream includes at least 30% 1-octene. 



14. A process as claimed in any 
feedstrearn includes ethylene and 



15. A process as claimed in any 
feedstrearn includes ethylene and 



one of claims 1 to 5 and 7 to 12, wherein the olefinic 
the product stream includes at least 40% 1-octene. 



:>ne of claims 1 to 5 and 7 to 12, wherein the olefinic 
a product stream includes at least 50% 1-octene. 
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16. A process as claimed in any one of claims 1 to 5 acra 7 to 12, wherein the olefinic 
feedstream includes ethylene and the product stream includes at least 60% 1-octene. 

17. A process as claimed in any one of claims 1 to 5 and 7 to 16, wherein the olefinic 
feedstream includes ethylene and wherein the (Ce / Ca) : (C 4 + C10 ) ratio in the product 
stream is more than 2.5:1 . 

18. A process as claimed in any one of claims 1 to 5 and 7 to 17, wherein the olefinic 
feedstream includes ethylene and wherein th^Cs : C 6 ratio in the product stream is more 
than 1. 

19. A process as claimed in any one of claims 12 to 18, wherein ethylene is 
contacted with the catalyst system at a pressure of more than 10 barg. 

20. A process as claimed in any one of claims 3 to 5 and 7 to 1 9, wherein A and/or C 
are a potential electron donor for coordination with the transition metal. 



1/ c 



21. A process as claimed in any one of claims 3 to 5 and 7 to 20, wherein B is 
selected from any one of a group comprising: organic linking groups comprising a 
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl and a substituted 
heterohydrocarbyl; inorganic linking groups comprising single atom links; ionic links; and 
a group comprising methylene, /dimethylmethylene, 1,2-ethane, 1 ,2-phenylene, 1,2- 
propane, 1,2-catechol, 1,2-dimeftylhydrazine, -B(R 5 )-, -Si(RV. -P(R 5 )- and -N(R 5 )- 
where R 5 is hydrogen, a hydrocarbyl or substituted hydrocarbyl, a substituted 
heteroatom and a halogen. 

22. A process as claimed in any one of claims 3 to 5 and 7 to 21, wherein B is 
selected to be a single atom spacer. 

23. A process as claimed fin any one of claims 3 to 5 and 7 to 22, wherein B is 
selected to be -N(R 5 h wherein R 5 is hydrogen or selected from the groups consisting of 
aikyl, substituted alkyl, aryl, substituted aryl, aryloxy, substituted aryloxy, halogen, nitro, 
alkoxycarbonyl, carbonyloxy, alkoxy, aminocarbonyl, carbonylamino, dialkylamino, silyl 
groups or derivatives thereof, and aryl substituted with any of these substituents. <t\^^ 
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24. A process as claimed in any one of claims 3 to 5 and 7 to 23, wherein A and/or C 
is independently oxidised by S, Se, N or O, where the/Calence of A and/or C allows for 
such oxidation. 

25. A process as claimed in any one of claims^ to 5 and 7 to 24, wherein A and C is 
independently phosphorous or phosphorous oxidised by S or Se or N or O 

/ 

26. A process as claimed in any one of claims 3 to 5 and 7 to 25, wherein R 1 , R 2 , R 3 
and R 4 are independently selected from a group comprising a benzyl, phenyl, tolyl, xylyl, 
mesityl, biphenyl, naphthyl, anthracenyl, methoxy, ethoxy, phenoxy, tolyloxy, 
dimethylamino, diethylamino, methylethylamino, thiophenyl, pyridyl, thioethyl, 
thiophenoxy, trimethylsilyl, dimemylhydfazyl. methyl, ethyl, ethenyl, propyl, butyl, 
propenyl, propynyl, cyclopentyl, cycloheXl, ferrocenyl and tetrahydrofuranyl group. 

I 

27. A process as claimed in any one of claims 3 to 5 and 7 to 26, wherein R 1 , R 2 , R 3 
and R 4 are independently selected from a group comprising a phenyl, tolyl, biphenyl, 
naphthyl, thiophenyl and ethyl group./ 

28. A process as claimed in any one of claims 2 to 5, 7 to 23 and 25 to 27 wherein 
the ligand is selected from any one of a group comprising (3- 
methoxyphenyl)2PN(methyl)P(3-methoxyphenyl)2. (4-methoxyphenyl) 2 PN(methyl)P(4- 
methoxyphenyl)2, (3-methoxyphenyl)2PN(isopropyl)P(3-methoxyphenyl)2,(4- 
methoxyphenylJaP^isopropylJPC^methoxyphenylJa, (4-methoxyphenyl) 2 PN(2- 
ethylhexyOP(4-methoxyphenyl)2, |(3-methoxyphenyl)(phenyl)PN(methyl)P(phenyl)2 and 
(4-methoxyphenylXphenyl)PN(methyl)P(phenyl)2, (3_ 
memoxyphenylXphenyl)PN(methyi)P(3-methoxyphenylXphenyl), (4- 
memoxyphenylXphenyl)PN(methll)P(4-methoxyphenylXphenyl), (3- 
methoxyphenyl)2PN(methyI)P(phfenyl) 2 and (4-methoxyphenyl)2PN(methyl)P(phenyl)2, (4- 
methoxyphenyl)2PN(1 -cyclohexy|ethyl)P(4-methoxyphenyl)2, (4-methoxyphenyl) 2 PN(2- 
methylcyclohexyl)P(4-methoxyphenyi) 2 , (4-methoxyphenyl) 2 PN(decyl)P(4- 
methoxyphenyl) 2 , (4-mettioxyphenyl)2PN(pentyl)P(4-methoxyphenyl) 2 , (4- 
methoxyphenyl) 2 PN(benzyl)P(4-Jnethoxyphenyl)2, (4-methoxyphenyl)2PN(phenyl)P(4- 
methoxyphenyl) 2 , (4-fjuorophenyl) 2 PN(methyl)P(4-fluorophenyl) 2 , 
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fluorophenyl) 2 PN(methyl)P(2-fluorophenyl)2 J (^imemylamino-phenylJaPNCmethyOPC^ 
dimethylamino-phenylfe, (4-methoxyphen^PN(al!yl)P(4-methoxypheny!) 2j 
(phenyl) 2 PN(isopropyl)P(2.methoxyphenyl)2, / (4-(4-methoxyphenyl). 

phenyl)2PN(isopropyl)P(4^4-methoxyphenyl).phenyl^ and (4- 

methoxyphenyl)(phenyl)PN(isopropyl)P(phenyl)2. 

29. A process as claimed in any one of theyclaims 1 to 5 and 7 to 28, which process 
includes the step of combining in any order ayheteroatomic ligand with a transition metal 
compound and an activator. 

30. A process as claimed in any on^of claims 2 to 5 and 7 to 28, which process 
includes the step of adding a pre-formed coordination complex, prepared using the 
heteroatomic ligand and a transition mfetal compound, to a reaction mixture containing 
an activator, 

31. A process as claimed in Claim 30, which includes the step of generating a 
heteroatomic coordination complex In situ from a transition metal compound and a 
heteroatomic ligand. 



32. A process as claimed in 4ny one of the claims 2 to 5 and 7 to 31, wherein the 
transition metal is selected fromfe^ molybdenum, 
tungsten, titanium, tantalum, vahadium and zirconium. 



33. A process as claimed fn any one of the claims 2 to 5 and 7 to 32, wherein the 
transition metal is chromium. 

34. A process as claimed/in any one of claims 29 to 31 , wherein the transition metal 
compound is selected from k group comprising of an inorganic salt, organic salt, a co- 
ordination complex and orgainometallic complex. 



35. A process as claimed 
selected from any one of a 
complex, (benzene)tricarbohyl 
acetylacetonoate, chromium 



in Claim 34, wherein the transition metal compound is 
group comprising chromium trichloride tris-tetrahydrofuran 
chromium, chromium (III) octanoate, chromium (III) 



hexacarbonyl and chromium (III) 2-ethylhexanoate. jjfpU^QEQ g 
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36. A process as claimed in any one of claims 29 to 31 afhd 33 to 35, wherein the 
transition metal compound is selected from a complex selected from chromium (III) 
acetylacetonoate and chromium (III) 2-ethylhexanoate. 

37. A process as claimed in any one of claims 29 t</ 36, wherein the transition metal 
from a transition metal compound and heteroatomu/ ligand are combined to provide 
metal/ligand ratios from about 0.01:100 to 10 000:1. 

38. A process as claimed in Claim 37, wherein the transition metal compound and 
heteroatomic ligand are combined to provide i/etal/ligand ratios from about 0.1:1 to 
10:1. 

39. A process as claimed in any one of claims 29 to 38, wherein the catalyst system 
includes an activator selected from any one of a group consisting of organoaiuminium 
compounds, organoboron compounds, organic salts, such as methyllithium and 
methylmagnesium bromide, inorganic acids and salts, such as tetrafluoroboric acid 
etherate, silver tetrafluoroborate and sodium hexafluoroantimonate. 

40. A process as claimed in any ope of claims 29 to 31, wherein the activator is 
-selected from alkylaluminoxanes. 

41. A process as claimed in Claim 40, wherein the alkylaluminoxane, or mixtures 
thereof, is selected from group which consists of methylaluminoxane (MAO), 
ethylaluminoxane (EAO) and modified'alkylaluminoxanes (MMAO). 

// 

42. A process as claimed in ©Jaim 41, wherein the transition metal and the 
aluminoxane are combined in proporaons to provide Al/metal ratios from about 1:1 to 10 
000:1. 

43. A process as claimed in ; <plaim 42, wherein the transition metal and the 
aluminoxane are combined in proportions to provide Al/metal ratios from about 1:1 to 
1000:1. / 
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44. A process as claimed in Claim 43, wherein the /transition metal and the 
aluminoxane are combined in proportions to provide Al/mdtal ratios from about 1:1 to 
300:1. 

45. A process as claimed in any one of claims 42 f to 44, which includes the step of 
adding to the catalyst system a trialkylaluminium compound in amounts of between 0.01 
to 100 mol per mol of alkylaluminoxane. 

46. A process as claimed in any one of claims 2 to 5 and 7 to 45, which includes the 
step of mixing the components of the catalyst/system at any temperature between -20°C 
and 250°C in the presence of an olefin. 

47. A process as claimed in any onk of claims 2 to 5 and 7 to 46, wherein the 
product stream is contacted with the caplyst system at a temperature ranging between 
15 and 130 °C. 

48. A process as claimed in claimfe 1 to 5 and 7 to 47, wherein methylcyclopentane 
and methylene cyclopentane are formed as products and independently make up at 
least 1% of the product stream of tl/e process. 



49; A tetramerisationcatalyst jsyst^^ metal and a 

heteroatomic ligand described by the following genera! formula (R)nA-B-C(R)m where A 
and C are independently selected from a group which comprises phosphorus, arsenic, 
antimony, oxygen, bismuth, sulphur, selenium, and nitrogen, and B is a linking group 
between A and C, and the R's are the same or different and each R is independently 
selected from any homo or hefero hydrocarbyl group and n and m for each R is 
independently determined by ihe respective valence and oxidation state of A and C and 
of which at least one of the RJs is substituted with a polar substituent 



50. A catalyst system 
multiples of (R)nA-B-C(R) m . 



claimed in Claim 49, wherein the ligand comprises of 



51. A catalyst system afe claimed in Claim 49 or Claim 50 which includes a transition 
metal and a heteroatomic ngand described by the following general formula (R 1 )(R 2 )A-B- 
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C(R 3 )(R ) where A and C are independently selected from a group which comprises 
phosphorus, arsenic, antimony, bismuth, and nitrogen arara B is a linking group between 
A and C, and R 1 , R 2 , R 3 and R 4 are independently ^elected from non-aromatic and 
aromatic, including heteroaromatic, groups of which §ft least one of R 1 , R 2 , R 3 and R 4 is 
substituted with a polar substituent. 

52. A catalyst system as claimed in Claim 50ior Claim 51, wherein each of R 1 , R 2 , R 3 
and R 4 is aromatic, including heteroaromatic/ but not all of R\ R 2 , R 3 and R 4 are 
substituted by any substituent on an atom adj^ent to the atom bound to A or C. 

53. A catalyst system as claimed in Claim 51 or Claim 52, wherein not more than two 
of R\ R 2 , R 3 and R 4 have substituents omthe atom adjacent to the atom bound to A or C. 

/ 

54. A catalyst system as claimed in* Claim 52, wherein any polar substituents on R\ 
R 2 , R 3 and R 4 are not on the atom adjacent to the atom bound to A or C. 

55. A catalyst system as claimea in any one of claims 52 to 54, wherein at least one 
of R 1 , R 2 , R 3 and R 4 is substituted lyith a polar substituent on the 2 nd or further atom from 
the atom bound to A or C. 

56; A catalyst system as clai/ned in any one of claims 49 to 55, wherein any polar 

substituents on one or more of Rf, R 2 , R 3 and R 4 are electron donating. 

57. A catalyst system as claimed in any one of claims 49 to 56, wherein A and/or C 
are a potential electron donor for coordination with the transition metal. 

58. A catalyst system as claimed in any one of claims 49 to 57, wherein B is selected 
from any one of a group comprising: organic linking groups comprising a hydrocarbyl, 
substituted hydrocarbyl, heterohydrocarbyl and a substituted heterohydrocarbyl; 
inorganic linking groups comprising single atom links; ionic links; and a group comprising 
methylene, dimethylmethylehe, 1,2-ethane, 1 ,2-phenylene, 1,2-propane, 1 ,2-catechol, 
1,2-dimethyIhydrazine, -B(Rf)- f -SifRV, -P(R 5 )- and -N(R 5 )- where R 5 is hydrogen, a 
hydrocarbyl or substituted hvdrocarbyl, a substituted heteroatom and a halogen. 
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59. A catalyst system as claimed in any one of claims 49 to 58, wherein B is selected 
to be a single atom spacer. 

60. A catalyst system as claimed in any one of dlaims 49 to 59, wherein B is selected 
to be -N(R 5 h wherein R 5 is hydrogen or selects from the groups consisting of alkyl, 
substituted alkyl, aryl, substituted aryl, arylow, substituted aryloxy, halogen, nitro, 
alkoxycarbonyi, carbonyloxy, alkoxy, aminocamonyl, carbonylamino, dialkylamino, silyl 
groups or derivatives thereof, and aryl substituted with any of these substituents. 

61 . -A catalyst system as claimed in any one of claims 50 to 60, wherein A and/or C is 
independently oxidised by S, Se, N or 0, where the valence of A and/or C allows for 
such oxidation. 

62. A catalyst system as claimed m any one of claims 50 to 60, wherein A and C is 
independently phosphorus or phosphorus oxidised by S or Se or N or O. 

63. A catalyst system as claimed in any one of claims 49 to 62, wherein R\ R 2 , R 3 
and R 4 are independently selectee! from a group comprising a benzyl, phenyl, tolyl, xylyl, 
mesityl, biphenyl, naphthyl, Snthracenyl, methoxy, ethoxy, phenoxy, tolyloxy, 
dimethylamino, diethylamino, / methylethylamino, thiophenyl, pyridyl, thioethyl, 
thiophenoxyr^methylsilyir^im^ ethyl, ethenyl, propyl, butyl, 
propenyl, propynyl, cyclopentyl icyclohexyl, ferrocenyl and tetrahydrofuranyl group. 

64. A catalyst system as claimed in any one of claims 49 to 63, wherein R 1 , R 2 , R 3 
and R 4 are independently selected from a group comprising a phenyl, tolyl, biphenyl, 
naphthyl, thiophenyl and ethjl group. 



65. A catalyst system as claimed in any one of claims 50 to 60 and 62 to 64 wherein 
the ligand is selectee! from any one of a group comprising (3- 
methoxyphenyl)2PN(methylSp(3-methoxyphenyl)2, (4-methoxyphenyl)2PN(methyl)P(4- 
methoxyphenyl) 2> I (3-methoxyphenyl) 2 PN(isopropyl)P(3-methoxyphenyl) 2 ,(4- 

methoxyphenyl) 2 PN(isopropyl)P(4-methoxyphenyl) 2 , (4-methoxyphenyl) 2 PN(2- 
ethylhexyl)P(4-methoxyph^nyl) 2 , (3-methoxyphenyl)(phenyl)PN(methyl)P(phenyl) 2 and 
(4-methoxyphenyl)(phenyl)PN(methyl)P(phenyl) 2 , (3- 
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memoxyphenyl)(phenyl)PN(methyl)P(3-methoxyphenyl)(pheny^ (4- 
methoxyphenyl)(phenyl)PN(methyl)P(4-methoxyphenyl)(phenyl), (3- 
methoxyphenyl)2pN(methyl)P(phenyl)2 and (4-methoxyphen^)2PN(methyl)P(phenyl)2, (4- 
methoxyphenyl) 2 PN(1 -cyclohexylethyI)P(4-methoxypheny^fc, (4-methoxyphenyl)2PN(2- 
methy1cyclohexyl)P(4-methoxyphenyl)2, ^*-methoxyphenyl)2PN(decyl)P(4- 
methoxyphenylja. (4-methoxyphenyl)2PN(pentyl)P(4-methoxyphenyl)2, (4- 

methoxyphenyl)2PN(benzyl)P(4-methoxyphenyl)2, /(4HTiethoxyphenyl) 2 PN(phenyl)P(4- 
methoxyphenyl) 2 , (4-fluorophenyl)2PN(mphyl)P(4-fluorophenyl)2, (2- 

fluorophenyl)2PN(methyl)P(2-fIuorophenyl)2, (4^3imethylamino-phenyl)2PN(methyl)P(4- 
dimethyfamino-phenyl)2, (4^eth(^phenyl) 2 PN(allyl)P(4-methoxyphenyl)2, 
(phenyl) 2 PN(isopropyl)P(2-methoxyphenyl)2, / (4-(4-methoxypheny1)- 
phenyl) 2 PN(isopropyl)P(4-(4-methoxyphenyl)-phenyl) 2 and (4- 

methoxyphenyl)(phenyl)PN(isopropyl)P(phenyl)2. 

/ 

66. A catalyst system as claimed any one of the claims 49 to 65, wherein the 
transition metal is selected from any onepf a group comprising chromium, molybdenum, 
tungsten, titanium, tantalum, vanadium and zirconium. 

/ 

67. A catalyst system as claimed/ in any one of the claims 49 to 66, wherein the 
transition metal is chromium. 




68. A catalyst system as claimed in Claim 67, wherein the transition metal is derived 
from a transition metal compound selected from a group comprising of an inorganic salt, 

~-~™ — t — -~ 

69. A catalyst system as claimed in Claim 68, wherein the transition metal compound 
is selected from a group comprising chromium trichloride tris-tetrahydrofuran complex, 
(benzene)tricarbonyl chromiu|n, chromium (III) octanoate, chromium (III) 
acetylacetonoate, chromium hexacarbonyl, and chromium (III) 2-ethylhexanoate. 

70. A catalyst system as claimed in any one of claims 49 to 69, wherein the transition 

metal is selected from a complex selected from chromium (III) acetylacetonoate and 

i 

chromium (III) 2-ethylhexanoate 
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71. A catalyst system as claimed in Claim 68 or Claim 69, wherein the transition 
metal from a transition metal compound and heteroaramic ligand are combined to 
provide metal/ligand ratios from about 0.01 :100 to 10 0CTO:1 . 

72. A catalyst as claimed in Claim 71, wherein Ahe transition metal compound and 
heteroatomic ligand are combined to provide meftal/ligand ratios from about 0.1:1 to 
10:1. 

73. A catalyst system as claimed in any one?* of the claims 49 to 72, which includes an 
activator. 

74. A catalyst system as claimed in Claifn 73, wherein the activator is selected from 
any one of a group consisting of prganoalumlnium compounds, organoboron 
compounds, organic salts, such as methyllithium and methylmagnesium bromide, 
inorganic acids and salts, such as tetra^uoroboric acid etherate, silver tetrafluoroborate 
and sodium hexafluoroantimonate. 



75. A catalyst system as claimed^in Claim 73 or Claim 74, wherein the activator is 
selected from alkylaluminoxanes. 



n e. 

/ 



-76 A-catalyst-system-as-c)aim6d /in Claim 75, wherein the alkylaluminoxane, or 



mixtures thereof, is selected from drpup which consists of methylaluminoxane (MAO), 
ethylaluminoxane (EAO) and modified/alkyla'uniinoxanes (MMAO). 



77. A catalyst system as claimed in Claim 75 or Claim 76, wherein the transition 
metal and the aluminoxane are cdmbined in proportions to provide Al/metal ratios from 
about 1:1 to 10 000:1. 



78. A catalyst system as claimed in Claim 77, wherein the transition metal and the 
aluminoxane are combined in proportions to provide Al/metal ratios from about 1:1 to 
1000:1. 
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79. A catalyst system as claimed in Claim 78, whferein the transition metal and the 
aluminoxane are combined in proportions to provide Al/meta! ratios from about 1:1 to 
300:1. 

80. A catalyst system as claimed in any or^ of claims 75 to 79, which includes a 
trialkylaluminium compound in amounts of^etween 0.01 to 100 mol per mol of 
alkylaluminoxane. 

81 . Use of a tetramerisation catalyst s^tem as claimed in any one of claims 49 to 80 

for the tetramerisation of olefins. 

# 

82. Use of a tetramerisation catalysj system as claimed in any one of claims 49 to 80 
for the tetramerisation of ethylene. 

83. Use of a ligand for a tetramerisation process as claimed in any one of claims 1 to 
5 and 7 to 48. 

84. Use of a ligand for a tetrarjherisation catalyst system as claimed in any one of 
claims 49 to 80. 

83. An olefin tetramerisation process substantially as described herein. 

84. An olefin tetramerisation (fetalyst system substantially as described herein. 
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